What determines the age at the menopause?
The number ofovarianfollicles seems the most importantfactor
The menstrual discharge ceases in most women about their fortieth year; but with those in whom it goes on longer it lasts even to the fiftieth year, and women of that age have been known to bear children. But beyond that age there is no case on record. ' Aristotle's assessment was similar to those of Hippocrates and also Roman authors, so it seems that 2000 years ago most women entered the menopause in their early 40s.2 Mediaeval authors, however, gave the 50s as the age when menses ceased3-much closer to the timing for twentieth century women.
In the past 100 years data from schoolchildren have shown a steady fall in the age at menarche in industrialised communities. 4 Has there been a corresponding change in the age at the menopause? Unfortunately, reported surveys of the menopause have suffered from methodological defects. Retrospective interviews underestimate the age at the menopause, as does digit preference when women round up a recollected age to 40, 45, or 50 years. A mean also underestimates the age at the menopause; it would be more accurate to use the median. Even in prospective studies there is no agreement on whether the menopause begins with the last episode of bleeding or after amenorrhoea has been present for nine months or more.
Nevertheless, those studies least subject to bias show a striking agreement that the median age at the menopause is currently around 50 in Western industrialised societies.5 In Britain it is 50 78,5 in the United States 49-8,6 and in white South Africans 48 77 with little apparent change over the past century. In non-European women, however, the menopause seems to occur earlier-in South Africa and the United States black women have an earlier menopause than white women.89
What determines the age at which the menopause occurs? For most of the factors claimed to influence the timing the evidence is poor. For example, the common belief that women with an early menarche have a later menopause or the reverse has no factual basis.5 Nutrition, however, is important. In New Guinea a group of women with severe prolonged malnutrition and low height and weight had a median age at the menopause of only 43-6 years whereas another group in the same region but with much better nutrition and correspondingly greater height and weight had a later menopause, at 47 3 years.'0 Parity is linked with menopausal age: nulliparous women have an early menopause,7 1' while increased parity, particularly in the higher social classes, correlates with a later menopause.5 12 One surprising report is that mothers of twins enter the menopause about a year earlier than women who have had singleton infants'2 -why is not clear. A woman's age at the time of her last pregnancy has also been reported to influence her age at the menopause, women whose last pregnancy occurred before the age of 28 reputedly having an earlier menopause than those with their last pregnancy at a later age.'3 This could, however, be due to a longer fertile period in the women with later pregnancies. There is also some evidence that blindness may lead to a later menopause. 14a
Chronic systemic infections or localised disease of the reproductive system impair fertility, but neither systemic nor genital disease seems to influence the age at the menopause. With the exception of mumps oophoritis, pelvic or systemic infections rarely cause ovarian failure. A familial link associated with partial deletion of the long arm of the X chromosome has been found in a few cases but not in our series. 14b 14c One of the few well documented influences on the age at the menopause is tobacco smoking. Women who smoke enter the menopause up to two years earlier than those who do not. [15] [16] [17] [18] The effect seems to be dose related and may be mediated partly through lowered oestrogen concentrations.'921 Studies in rodents have shown that benzpyrene destroys primordial oocytes. The rodent ovary contains an enzyme system metabolising polycyclic aromatic hydrocarbons to cytotoxic, potentially carcinogenic intermediates. 22 If the human ovary responds similarly this would explain the earlier menopause of cigarette smokers. The aromatic hydrocarbons of cigarette smoke might also accelerate aging of oocytes by increased oxidation of cell membranes as a result of combustion products such as nitrous oxide. 23 The most important factor determining a woman's age at the menopause is the number of ovarian follicles. Human primordial germ cells separate from somatic cells at an early stage of embryogenesis. Some 1000-2000 migrate to the gonadal ridge, where they multiply rapidly to a maximum of between five million and seven million follicles around the fifth month of intrauterine life. Multiplication then stops. Thereafter there is a steady loss of primordial follicles from the fetal ovary, so that by the time the baby is born each ovary contains about one million follicles.2425
This number continues to diminish after birth (independently of any cyclic hormonal change or the physiological state of the woman), but fewer than 0-01% are ovulated; the remainder degenerate. Little is known about the mechanisms responsible, although the observations that follicles fail to grow in anencephalic fetuses26 and that in rodents hypophysectomy retards the rate of loss of primordial follicles27 show the importance of the pituitary gland. Depletion of ovarian follicles occurs independently of physiological and environmental factors (with the exception of those that actually destroy follicles) until the perimenopausal phase is reached. The rate of loss of primordial follicles then acce-lerates, and the menopause occurs when the number of primordial follicles has fallen to a critical number.2829
The accelerated loss of primordial follicles in the perimenopausal phase occurs in parallel with rising gonadotrophin concentrations. It is not known, however, whether the rate at which ovarian follicular reserve becomes depleted is regulated primarily by factors within the ovary itself or whether the accelerated follicular loss at this stage results from a primary change in the control of gonadotrophins. Nor is the trigger mechanism known, nor what determines the timing of any altered neuroendocrine activity, particularly in the perimenopausal phase. Clearly the timing of the phase of accelerated follicular loss and its speed will determine age at onset of the menopause. Is the date of the menopause genetically "programmed" for each woman or might it be influenced through the neuroendocrine control of gonadotrophin secretion? Could the time at which menopause occurs be altered -forwards or backwards?
Factors such as parity, nutrition, race, and smoking influence the age at the menopause by at most three years either side of the normal median age. Some women, however, have a premature menopause -before the age of 40; in a few it occurs below the age of 30. Premature ovarian failure is probably much commoner than generally appreciated. In a series of 1001 women under the age of 40 presenting consecutively with amenorrhoea at an endocrine clinic 8% had never menstruated (primary amenorrhoea) (J Ginsburg et al, fifth international congress on the menopause, 1987). Of the remainder-that is, those with secondary amenorrhoea-9% had raised gonadotrophin concentrations and were considered to have premature ovarian failure. Seven per cent of this group had plentiful primordial follicles on ovarian biopsy, which suggests resistance to gonadotrophins-the resistant ovary syndrome. No ovarian follicles were found at laparoscopy in the remaining 93%. The cause of premature ovarian failure in the women without ovarian follicles was iatrogenic-the result of chemotherapy or radiotherapy-in 12% and autoimmune failure in 3%. But in most of those with premature ovarian failure no cause could be found for the absence of ovarian follicles.
In women with premature ovarian failure it is not clear whether fewer primordial germ cells migrate to the germinal ridge in fetal life, whether the rate of multiplication up to the fifth month of intrauterine life is reduced, whether the rate of follicular loss thereafter is greater than normal, or whether there is a combination of all three factors.
Almost all the factors reported to influence the age at the menopause accelerate its onset. Yet if we knew what determined follicular atresia and its accelerated onset in the perimenopausal phase could the process possibly be delayed and the potential store of viable primordial follicles be increased so that the menopause was delayed? Or is the limit set by natural aging processes in the reproductive system as a whole? Either way, knowledge of these factors and how they are integrated could have important implications for both regulating fertility and treating infertility. JEAN One hundred and twenty years after Brunton first gave amyl nitrite for the treatment of angina' it was found that nitric oxide, which is the active component of amyl nitrite, glyceryl trinitrate, and other nitrovasodilators,2 is an endogenous mediator.3'5 The discovery of the "endogenous nitrovasodilator"3 s6 has clear parallels with the discovery of the endogenous opiates (enkephalins and endorphins)7 and, even more recently, with the identification of an endogenous digoxin. 8 Nitric oxide is synthesised from L-arginine by the vascular endothelium and accounts for the biological activity of the vasodilator endothelium derived relaxing factor.35 The process is stereospecific and can be inhibited by a variety of analogues of L-arginine, including NG monomethyl-L-BMJ VOLUME 302 1 JUNE 1991
